H I G H L I G H T S
• Assessment of ocean-related knowledge in the context of seawater desalination • Coastal stakeholders' knowledge is highest for biological features.
• Socio-demographic and situationspecific variables both predict knowledge.
• Predictors vary for different types of knowledge.
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Introduction
Coastal zone and marine management is increasingly moving towards more participatory approaches that engage stakeholders in management and decision-making processes. Consequently, the engagement of coastal residents as a stakeholder group is increasingly becoming an integral part of creating coastal and marine policies. Stakeholder participation incorporates local preferences in the management of coastal and marine resources (Marre et al., 2016; Rogers, 2013; Vanclay, 2012) . An engaged public is also seen as essential for successfully addressing complex ocean-and coastal-related issues, including balancing the use and conservation of marine resources, and realizing future benefits of the ocean (National Ocean Council, 2013) .
Because coastal citizens can significantly influence decision-making processes, public knowledge about the ocean and its resources is critical for ensuring that the public both understands the implications of marine and coastal policies, and can engage in discussions and decisionmaking about the use of ocean resources in an informed way (Steel et al., 2005; Steel et al., 2005) . The recent U.S. National Ocean Policy, for example, called for increasing ocean and coastal literacy to empower coastal communities and enable them to become better stewards of ocean resources (National Ocean Council, 2013) . At the same time, recent research suggests that the public has a poor understanding of the structure and functioning of coastal and marine ecosystems, of how humans affect the health of these systems, and of basic ocean science principles, despite the fact that a high percentage of the human population lives in coastal areas (Fletcher et al., 2009; Capstick et al., 2016 ). Therefore, understanding the level of public knowledge about marine and coastal systems and identifying variables that are related to higher knowledge are critical for identifying misconceptions and knowledge gaps, and for tailoring communication and outreach programs.
Two theories have been proposed to explain differences in knowledge about environmental issues. One theory states that environmental knowledge is primarily shaped by "trans-situational" socio-economic variables that apply in multiple settings. Examples include level of formal education, income, education, age, and gender. (Lovrich and Pierce, 1984) . The other theory argues that knowledge is shaped more by contextual situation-specific factors that might increase knowledge irrespective of socio-economic status. These situational factors are more motivational in character and might increase knowledgeseeking behavior by those having a stake in a policy outcome, or having strong views on specific policies (Pierce, 1992; Steel et al., 1990) . For example, people who live close to the ocean, use the ocean for recreation or commercial purposes, or have a strong attachment to ocean areas, may be very interested in the management of marine resources and thus may be highly knowledgeable about the ocean in general and management issues in particular (Perry et al., 2014; Cicin-Sain and Knecht, 2000) . In addition, ocean literacy depends on the information sources used to learn about the ocean. Understanding where people learn about the ocean is essential to tailoring and targeting communication strategies and ensuring that credible information reaches the public and increases ocean literacy (Fauville et al., 2015) .
Our study expands on existing literature by investigating public literacy in the context of seawater desalination and its impacts on marine ecosystems. Seawater desalination is an emerging sector in the USA that is likely to grow in the future. Even though seawater desalination is highly valued for its ability to provide a potable water supply that is independent of climate, the technology remains controversial due to high costs and potential environmental impacts (Liu et al., 2013; FuentesBargues, 2014) . On a global scale, desalination facilities have high energy demands that are likely to contribute CO 2 to the atmosphere (Lattemann and Höpner, 2008; Einav et al., 2003) . More localized concerns about direct impacts on coastal ecosystems include mortality of marine organisms due to impingement and entrainment during water intake, impacts of brine discharge (including mortality of marine life), changes in seawater quality, adverse effects on fish resources, degradation of marine habitats due to toxic concentrations of brine, anoxic or hypoxic conditions, and stress from turbulent mixing at the point of discharge (Latteman, 2009; El Wahab and Hamoda, 2012) .
Our study extends the limited research on public knowledge about the ocean. Previous studies have explored awareness of coastal and marine environmental issues (Fletcher et al., 2009) , general ocean literacy (Fauville et al., 2015; Steel et al., 2005) , and public ocean literacy in the context of specific marine issues such as marine protected areas (Perry et al., 2014) and fisheries (Steel et al., 2005) . Our study expands this literature by investigating transitional and motivational variables, and the influences of information use on public knowledge about impacts of desalination on marine ecosystems.
We explore socio-demographic factors, situation-specific factors, and information sources associated with higher levels of self-assessed and factual knowledge about biological, physical, and chemical processes important for understanding desalination impacts on marine areas. In addition, we investigate whether commercial marine users are more knowledgeable about policy-relevant aspects of desalination and its impacts on the ocean than other coastal residents. As these stakeholders use the ocean for different purposes, their motivation for learning about the ocean and thus their levels of knowledge may be different.
Methods
Study area
The study was conducted in coastal communities adjacent to Monterey Bay, which is part of the Monterey Bay National Marine Sanctuary (MBNMS) in central California (Fig. 1) . The MBNMS has been a federal marine protected area since 1992, and is managed by the National Oceanic and Atmospheric Administration (NOAA). The Sanctuary has a shoreline length of 276 miles and an area of 6094 square statute miles (NOAA, 2017) . Five seawater desalination plants have been proposed in communities around Monterey Bay. Seawater desalination is recognized as a regional issue of concern for the MBNMS, and NOAA has developed a Desalination Action Plan that recommends using regional planning efforts for proposed desalination plants within the boundaries of the Sanctuary (NOAA Monterey Bay National Marine Sanctuary and National Marine Fisheries Service, 2010).
As part of this process, the public has been encouraged to participate in discussions about proposed desalination plants in public hearings and open house meetings, and to comment on Environmental Impact Reports for desalination plants. The public has also been invited to comment on any proposed revisions to the existing management plan for the Sanctuary.
Questionnaire based survey
Data were collected via a questionnaire-based survey in June and July 2016 among multiple coastal stakeholder groups around Monterey Bay, including coastal residents and commercial marine users. We first tested the survey instrument in a pilot study of 30 respondents. The survey instrument was well understood, and no modifications were necessary. Coastal residents were sampled in randomly selected households based on postal records in eight communities directly bordering Monterey Bay: Santa Cruz, Capitola, Aptos, Rio del Mar, Moss Landing, Marina, Monterey, and Pacific Grove. We applied a stratified sampling approach to account for differences in the size of participating communities. Questionnaires for households were either administered in person or left at the door with a cover letter stating that the questionnaire would be picked up 2 days later. Commercial marine user groups licensed to operate in the MBNMS, including whale watching, sea kayaking, and scuba diving operators, were sampled using a census sampling approach. Commercial marine user groups were surveyed at their place of work and the main owner of the business was asked to fill out the survey. Due to limited time and capacity, commercial fishermen were not included in the study.
In total, we surveyed 1150 coastal stakeholders consisting of 1116 residents and 34 commercial marine users. The overall response rate was 34% (n = 391) with response rates of 32.5% for residents (n = 363), 81.8% for scuba diving operators (n = 9), 90% for whale watching operators (n = 8), and 100% for sea kayaking operators (n = 11). Similar to previous studies of ocean-related public knowledge (Steel et al., 2005; Perry et al., 2014) , residents' literacy was evaluated in two ways -self-assessed levels of knowledge and factual knowledge. The distinction between self-assessed and factual knowledge is important since knowledge is usually highly subjective (Guzman, 2009 ). Self-assessed knowledge is measured by assessing what a person believes he or she knows. Factual knowledge is measured by whether a person knows the correct answer to a specific knowledge question (Perry et al., 2014) .
Self-assessed knowledge was examined by asking about understanding of nine specific marine and coastal terms, based on a 3-point scale of 1 = have not heard about it, 2 = heard about it but don't know its meaning, and 3 = know the meaning. Three terms referred to marine ecosystems that can be affected by desalination (plankton, biodiversity, algal blooms), three addressed physical aspects relevant to seawater desalination (benthic, upwelling, saltwater intrusion), and three were related to the desalination process itself (brine, reverse osmosis, greenhouse gas emission). These terms are critical for understanding marine ecosystem features that can be affected by seawater desalination and for understanding the basic processes involving operation of seawater desalination plants.
Factual knowledge was measured by seven multiple choice questions (Table 1) , including three questions about biology, and two questions each about chemical and physical processes that are important for understanding the desalination process and its impacts on marine ecosystems.
We included questions related to all three areas to identify predictors for different types of knowledge. In addition, we collected sociodemographic information on gender, age, and level of education (Table 2 ). There were almost equal numbers of male and female respondents, and the coastal stakeholders surveyed were highly educated with N90% having a university degree.
The assessed situation-specific variables covered dependency of livelihoods on marine areas in Monterey Bay (Table 2 ) and time spent in the Sanctuary, based on frequencies of undertaking ten marine activities in the area (Table 3) . Use of information sources was assessed by how frequently people used 11 different information sources to learn about the ocean and coastal issues, including seawater desalination (Table 3) .
We evaluated internal consistencies in the responses by calculating Cronbach's alpha before creating two composite variables of ocean use and information use. Since the Cronbach's alpha coefficients were both higher than 0.70, which is commonly considered as acceptable consistency in the social sciences, we retained all variables in each composite variable.
Statistical analyses were conducted using IBM SPSS.24, a statistical software package for the social sciences. As the main emphasis was on identifying variables that shape public literacy about marine systems and desalination impacts, we did not weight the data to account for potential differences between our sample and census data for the region. We used Spearman's rank correlation analysis to evaluate associations of ocean use and information use with self-assessed and factual knowledge. In addition, we applied linear regression models to identify predictors of self-assessed and factual knowledge. For the linear regression models, we used the mean of ocean use and information use as predictor variables.
Results
Self-assessed knowledge
Coastal stakeholders reported high self-assessed knowledge of scientific terms that are important for understanding impacts of desalination on marine ecosystems (Fig. 2) . Knowledge was particularly high for ecological terms that can be affected by water intake and brine discharge (e.g., plankton, biodiversity, and algal blooms), and for terms related to climate change such as greenhouse gas, which is emitted because of the high-energy demand of desalination plants. Knowledge about desalination-specific terms (e.g., brine, reverse osmosis) and about physical terms such as "upwelling" and "benthic" was lower.
Factual knowledge
Factual knowledge was high for questions about biological aspects of the ocean with 89.9% of respondents answering these questions correctly (Table 4) . Knowledge was lowest for physical processes, with only 39.2% of respondents giving the correct answer and N30% indicating they had no knowledge about these processes.
Residents were highly knowledgeable about biological aspects, including marine organisms: e.g., N90% of respondents were aware that plankton is an important source of food for marine life and that changes in temperature and water chemistry (e.g., due to brine discharge) can affect the survival of marine organisms (Fig. 3) .
In contrast, knowledge about physical processes was relatively low: 69.6% of respondents knew about the high salt concentration of brine discharged by a desalination facility, but fewer than half (49.9%) of respondents knew that water with more salt than ocean water sinks to the ocean floor where it can affect the benthic environment. This contrast suggests an incomplete understanding of the potential impacts on marine environments due to the operation of desalination facilities. In addition, only 28.4% of respondents knew that water for desalination can be taken from either the open ocean or from beneath the ocean floor. This distinction is important, in the context of seawater desalination, because open ocean intake is often seen as environmentally more detrimental than other intake options, such as beneath the ocean floor. The results also suggest that knowledge about physical benthic features is particularly low, as was also the case for self-assessed knowledge. Further analysis revealed that the number of terms known and the number of factual knowledge questions answered correctly were significantly correlated (Spearman's rho = 0.506, p b 0.001), which suggests that in this community self-assessed knowledge is a good predictor of factual knowledge about marine issues.
Differences in knowledge of coastal residents and commercial marine users
We conducted t-tests to evaluate whether mean levels of factual and self-assessed knowledge among coastal residents differed from those of commercial marine users. Engagement in commercial activities appeared to increase knowledge about the ocean, since commercial users had significantly higher self-assessed and factual knowledge than other coastal residents (Table 5) .
Predictors of ocean knowledge
Socio-demographic, motivational, and information use variables were statistically significant predictors of self-assessed and factual knowledge (Table 6 ). Self-assessed knowledge was predicted by education (p b 0.05), gender, recreational ocean use, and information use (all p b 0.01). Males, people with higher education levels, those who frequently use the ocean for recreational activities, and those who frequently learn about the ocean from a variety of information sources had higher self-assessed knowledge. Factual knowledge was predicted by education level, recreational and commercial ocean use, and information use (all p b 0.05). Respondents with higher education levels, those who frequently use marine areas for recreational and commercial purposes, and who use a variety of information sources to learn about the ocean had higher factual knowledge. Age was not associated significantly with either type of knowledge.
We calculated Spearman's rank correlation coefficients for all information sources with self-assessed and factual knowledge. Nine of fourteen information sources were correlated significantly (most p b 0.01; a few p b 0.05) with higher ocean knowledge, with the same nine sources being significant for both self-assessed and factual knowledge (Table 7) . Learning about the ocean and seawater desalination from family and friends, TV and social media, were not significantly correlated with higher knowledge, even though they were among the most often used information sources in our study. In fact, social media and TV correlated negatively with both self-assessed and factual knowledge. In contrast, learning about the ocean on the internet, in public hearings, or from presentation by regional scientists was significantly correlated with higher knowledge in both categories. Correlation coefficients of targeted outreach efforts, such as public hearings and material distributed by NGOs and desalination groups, were slightly higher than correlation coefficients for mainstream media such as newspapers, the Internet, and radio. Targeted education thus seemed to be slightly more effective in increasing ocean related knowledge.
Regression analysis also revealed that different categories of factual knowledge were associated with distinct socio-demographic and information source variables (Table 8 ). Knowledge about physical processes was predicted by gender and information sources used to learn about the ocean (both p b 0.05); knowledge about biological aspects was predicted by education (p b 0.05); while education (p b 0.05) and gender (p b 0.01) were significant predictors of knowledge about chemical processes. In contrast, neither ocean use variables nor livelihood dependency were associated significantly with any category of knowledge. Although not statistically significant, the use of social media and TV was negatively correlated with knowledge. Further regression analysis also revealed that the different types of factual knowledge regressed significantly with different variables. Socio-demographic variables including gender and level of education were significant predictors of all three knowledge types. Education regressed significantly with knowledge about chemical and biological aspects while gender was a predictor for knowledge about physical and chemical processes. Information use also significantly regressed with knowledge about physical processes. Ocean use and livelihood dependency did not regress significantly with any particular knowledge type. 
Discussion
Our study explored variables influencing coastal stakeholders' knowledge about impacts of desalination on marine ecosystems in central California. Overall, coastal stakeholders' knowledge about marine processes and impacts in our study was higher than in previous studies of ocean literacy that reported low levels of public ocean knowledge (Xu et al., 2006; Perry et al., 2014; Jones et al., 2011) . Knowledge about biological processes was particularly high and not confined to the charismatic marine mammals (e.g., whales and dolphins) that are typically of greatest public interest (Guest et al., 2015; Jefferson et al., 2014) ; our respondents were also knowledgeable about non-charismatic organisms such as plankton and processes such as algal blooms.
Our finding of higher levels of biological knowledge than about physical or chemical processes is consistent with findings by Guest et al. (2015) who reported less knowledge about salinity and bathymetry than knowledge about species or other biological questions among high school students. For desalination, knowledge of physical and chemical aspects is necessary for understanding potential impacts of both brine discharge and water intake on marine ecosystems, including benthic environments. A greater educational emphasis on broader ecosystem processes that combine biological with physical and chemical aspects may lead to more comprehensive public understanding of the ocean in general, and of desalination impacts in particular. The limited knowledge of less visible physical and chemical processes and benthic features among our respondents was similar to findings of previous studies (Beldon, 1999; Compas et al., 2007) . Increasing exposure to these concepts in ocean outreach and education efforts should increase knowledge about these aspects of oceanography. In addition, factual knowledge about desalination-specific impacts by our respondents was slightly lower than their broader knowledge of marine ecosystems. More broadly, development of new economic sectors and technologies may require targeted education efforts to enable coastal stakeholders, including coastal residents, to engage in decision-making in an informed way. Without such efforts, engagement of the public might not lead to well-informed decisions and may even challenge the legitimacy of participatory approaches (Fung, 2015) . By leveraging existing public knowledge about marine systems in general, outreach and education efforts should increase understanding of sector-specific knowledge and its connection to marine ecosystems.
Our findings demonstrate that both trans-situational and situationspecific variables influence ocean knowledge, indicating that both theories contribute to explanations of knowledge about marine issues. This is consistent with results of Steel et al. (2005) in the context of fisheries. The gender gap present in our data for both self-assessed and factual knowledge, with women being less knowledgeable than male respondents, has also been found in previous studies (e.g., Steel et al., 2005) . Our results indicate that the gap is primarily evident for knowledge of physical and chemical processes, which suggests that focusing education more on these processes, especially for women, is likely to reduce this persistent gender gap. While many efforts to increase interests in and knowledge of STEM sciences already exist in high schools (Levine et al., 2015) , additional efforts directed towards adults might ensure a more equal understanding of environmental processes across genders.
Without such efforts, women may not participate as equals in coastal decision-making processes, or they may have less knowledge on which to base informed decisions. We did not detect an effect of age on ocean knowledge, which parallels findings about public knowledge of sharks and their conservation by O'Bryhim and Parsons (2015) , who also found no connection between age and public knowledge. Both our findings and those of O'Bryhim and Parsons are in contrast to work by Steel et al. (2005) who reported a significant impact of age on knowledge. This variation in the influence of age, suggests that other socio-economic factors may be more reliable predictors of public ocean literacy.
Among context-specific variables, frequent use of the ocean was a significant predictor of knowledge. This is consistent with previous studies that revealed that frequent visits to the coast lead to higher ocean-related knowledge (Steel et al., 2005) and suggests that marine use patterns shape interest in learning about marine issues (Wiener et al., 2016) . Engagement with coastal and marine environments thus seems to be an important factor shaping public ocean knowledge. Since ocean use did not appear to increase a specific category of ocean-related knowledge (i.e., biological, physical, desalination), it appears that frequent engagement with the marine environment may lead to greater knowledge about all aspects of the ocean. Therefore, marine outreach and education efforts that contain active engagement components with marine and coastal ecosystems are likely to be most effective in shaping public ocean literacy.
Our study further found that commercial marine users were more knowledgeable about marine issues than other coastal residents. This suggests that having an economic stake in the marine environment may be a strong motivation to become better educated about the ocean. The fact that all commercial marine users in our study also used the local marine environment on an almost daily basis may also contribute to their greater knowledge. Since the frequencies of both recreational and commercial use were significant factors increasing ocean knowledge, creating more opportunities for public engagement in marine activities, and enhancing education and outreach programs with activity-based elements, may not only increase public ocean literacy, but help reduce the knowledge gap between commercial marine users and other coastal residents. Creating more equal knowledge among all groups would enhance engagement by the public in coastal and marine decision-making processes.
High self-assessed and factual knowledge were both associated with use of particular information sources. Both TV and social media seem to have negative effects on ocean knowledge. Fauville et al. (2015) also found that social media, such as Facebook, seem to be of limited value in raising public knowledge about the ocean and offer only limited opportunities for developing ocean knowledge through social participation. Understanding which information sources are associated with higher knowledge will be valuable for increasing the effectiveness of ocean outreach efforts. This might be achieved by improving the content on marine issues in less effective media, by providing more opportunities for interactive discussions and social interactions in social media that might improve the effectiveness of this media, and by increasing information on marine issues in forms found to be effective in increasing public knowledge. Information provided by governmental marine organizations (e.g., MPA management staff), non-governmental organizations, interest groups, and scientific institutions, for example, seem to be effective means for increasing public knowledge. Marine organizations and institutions of higher education thus seem to play an important role in shaping public ocean literacy and increase ocean knowledge among coastal residents living near universities and marine protected areas. Increasing public access to information distributed by these organizations beyond local residents may also foster higher ocean-related knowledge among the public in more distant geographic locations.
Conclusions
As the general public and other marine stakeholders are becoming more engaged in coastal and marine planning and management processes, fostering a sufficient knowledge base about implications of marine and coastal policies and developments among all groups involved in decision-making processes is critical. This study assessed knowledge about impacts on marine ecosystems due to seawater desalination, an emergent ocean sector. Results demonstrated that both transsituational and situation-specific variables shape knowledge about marine processes and impacts, and provide insights on factors that shape environmental knowledge of the ocean. Increasing opportunities to engage with the marine environment, and targeted outreach and education efforts should increase public knowledge about the ocean irrespective of one's socio-economic status. Such educational efforts should emphasize physical and chemical processes to address specific ocean knowledge gaps, and should target and engage women to address the gender gap in ocean literacy. In addition, expanding accurate oceanrelated information in all media venues, particularly those used more frequently by the public, is important. Future studies could also provide more insights on drivers of knowledge among different marine user groups, including commercial fishermen, to determine how different groups learn about the ocean, and then evaluate which groups possess the most relevant knowledge for active engagement in effective coastal and marine decision-making processes.
